Imidazo[1,2-a]pyridine derivatives have been synthesized by several methods and shown to have a variety of pharmacological actions such as antibacterial, antifungal, antiviral, antiinflammatory, hypnotic, and antiulcer activities. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] In contrast, imidazo[1,2-a]pyridine derivatives fused with a hetero ring at the 2-and 3-positions have been scarcely reported because of the absence of a suitable preparative method for them. We have recently described the syntheses of 3-alkylthio-1-arylcarbonyl-6,8-dimethylthieno[3Ј,4Ј:4,5]imidazo[1,2-a]pyridines 13) and 3-acyl-4-methylthio-2H-pyrano [2Ј,3Ј:4,5]imidazo[1,2-a]pyridine-2-ones.
expected pyridinium betaines 4a-d, f-i, k-n and pyridinium 1-cyano-2-thioxoethylides (3a-d, f-i, k-n) and similar reactions of 1a-c, carbon disulfide, and ethyl bromoacetate provided only pyridinium 1-cyano-2-ethoxycarbonylmethylthio-2-thioxoethylides (3e, j, o). The dehydration reactions of these pyridinium ylides 3a-o to the corresponding pyridinium betaines 4a-o were accomplished by heating them at reduced pressure. On the other hand, similar treatment of 1-cyanomethyl-4-methylpyridinium chloride (1d) and phenacyl bromide (2a) gave only a complex polymeric substance and the expected pyridinium betaine 4p could not be obtained. These results are shown in Chart 1.
The structural assignment of these pyridinium betaines 4a-o were performed by their physical and spectral means, and by the comparison with those of known compounds 4f, j. For example, the elementary analyses of new compounds 4a-e, g-i, k-o were in good accordance with our proposed compositions and their IR spectra exhibited two absorption bands each in the range of 3235-3402 cm Ϫ1 due to the primary amino group, together with a lowered shifted ketone (1541-1582 cm Ϫ1 ) or ester carbonyl band (1653 (4e) or 1645 cm Ϫ1 (4o)).
Preparation of Thieno[3,4:4,5]imidazo[1,2-a]pyridine Derivatives
In general, many of 3-amino-4-(1-pyridinio)thiophene-5-thiolates (4a-o) were almost insoluble in many solvents such as acetone, ethanol, and chloroform and their S-alkylation reactions with various alkyl halides were quite sluggish. However, the treatment of 3-amino-4-(3,5-dimethyl-1-pyridinio)thiophene-5-thiolate (4a-c) with dimethyl sulfate (5a) in chloroform at 50°C proceeded slowly to afford the corresponding pyridinium salts 6a-c. After the removal of the unaltered alkylating agent the pyridinium salts 6a-c were treated with 1,8-diazabicyclo [5.4 .0]-7-undecene (DBU) in chloroform at 0°C for 1 h (Method A) to provide the expected 1-arylcarbonyl-6,8-dimethyl-3-(methylthio)thieno[3Ј,4Ј :4,5] imidazo [1,2-a] pyridine (7a-c) in 69, 36, and 38% yields, respectively. Similar treatment of 4a-c with diethyl sulfate (5b), phenethyl bromide (5c), benzyl bromide (5d), 4-methylbenzyl bromide (5e), 4-bromobenzyl bromide (5f), 4-chlorobenzyl bromide (5g), 4-fluorobenzyl bromide (5h), and 4-cyanobenzyl bromide (5i) gave the corresponding 1-arylcarbonyl-6,8-dimethyl-3-(substituted methylthio)thieno[3Ј,4Ј:4,5]imidazo [1,2-a]pyridines (7f-h, k-m, p-r, u-cЈ) in 14-59% yields. The reactions of pyridinium salts 6d, e, i, j, n, o, s, t, which were prepared from the S-alkylation of pyridinium betaines 4d, e with alkylating agents 5a-d, with potassium carbonate in chloroform (Method B) provided the corresponding 1-acetyl-7d, i, n, s and 1-ethoxycarbonyl derivatives 7e, j, o, t in 27-38% yields. When the 1 H-NMR spectral investigation for these reaction mixtures were performed to examine the origin of the comparatively low yields (14-59%) of products 7a-cЈ, the presence of any product having a 3,5-dimethyl-1,4-dihydropyridine moiety (d ca. 2.1 (6H, s, 3-and 5-Me), 3.9 (1H, s, 4-H), and 6.3 (2H, br s, 2-and 6-H)) in the molecue could often be detected. However, we could not isolate such products in the pure state except for only one compound 8e, since almost all compounds were very unstable and smoothly decomposed during their separations.
On the other hand, the treatment of 1-(2-acyl-5-alkylthio-3-aminothiophen-4-yl)pyridinium salts 9a-cЈ and 1-(2-acyl-5-alkylthio-3-aminothiophen-4-yl)-3-methylpyridinium salts 11a-cЈ, obtained from the reactions of 4f-j and 4k-o with 5a-i, with DBU in chloroform at 0°C (Method A) yielded the corresponding products 10a-cЈ and 12a-cЈ, but their yields were very low (Ͻ5%) and their isolations in the pure state were very difficult. After some effort to improve the procedure, we found that these reactions and the products are extremely photosensitive and the bases employed also affected these reactions. Replacing the base from DBU to potassium carbonate and the interruption of as much light as possible in these reactions gave satisfactory results. Interestingly, the exclusive formation of 8-methylthieno [3Ј,4Ј:4,5]imidazo[1,2-a]pyridine derivatives (12a-cЈ) in the reactions using unsymmetrical 3-methylpyridinium betaines 4k-o was observed and the alternative 6-methyl derivatives 13a-cЈ could not be obtained at all. We have already observed an exclusive cyclization mode to the 8-methyl isomers in the alkaline treatment of 1-[1-carbamoyl-2,2-bis(methylthio)vinyl]-3-methylpyridinium iodides, and we presumed the larger steric repulsion between the 3-methyl and the methylthio groups as its factor. 14) These results are shown in Charts 2-4.
All of thieno[3Ј,4Ј:4,5]imidazo[1,2-a]pyridines 7a-cЈ, 10a-cЈ, and 12a-cЈ are crystalline substances with a very strong green fluorescence. Compounds 7a-c, f-h obtained here were completely in accord with those synthesized earlier by us. 13) The elemental analyses of all new products 7d, e, icЈ, 10a-cЈ, and 12a-cЈ confirmed our proposed compositions and the IR spectra showed the presence of a characteristic a,b-unsaturated ester carbonyl band (1659-1701 cm Ϫ1 ) or a lowerly shifted arylcarbonyl one (1576-1612 cm
Ϫ1
) and the absence of primary and/or secondary amino bands. Their signal patterns and shift values in the 1 H-NMR spectra (Table  1) of new products 7d, e, i-cЈ, 10a-cЈ, and 12a-cЈ were also not inconsistent with those expected for respective thieno[3Ј,4Ј:4,5]imidazo[1,2-a]pyridine derivatives in comparison with known 6,8-dimethyl compounds 7a-c, f-h. Interestingly, the significant high field shifts (0.1-0.5 ppm) on the 5-and 6-protons in the 1 H-NMR spectra of 3-benzylthio derivatives 7p-cЈ, 10p-cЈ, and 12p-cЈ in comparison with those of 3-alkylthio and 3-phenethylthio derivatives 7a-o, 10a-o, and 12a-o. These high field shifts must be caused by the predominant gauche conformation of the sulfide linkage leading to the intramolecular arene-arene interaction, since similar effects of the 9-deaza compounds, 3-(benzylthio)thieno [3,4-b] indolizine derivatives, are well known and the quantities of the chemical shift changes were also comparable to them. 16, 17) Final structural confirmation for these products was carried out by the X-ray analyses of ethyl 3-phenethylthio- 8 The structure of byproduct 13e was first presumed to be the coupling reaction product between two molecules of pyridinium salt 6e, but its elementary analysis was clearly incon- sistent with the proposed composition. From its elemental analysis and positive Beilstein test we suspected that this compound 13e may be a condensation product between the pyridinium salt 6e and the solvent (CHCl 3 ). The X-ray analysis (see Fig. 4 
Mechanistically, the formation of thieno[3Ј,4Ј:4,5]imidazo[1,2-a]pyridine derivatives 7, 10, and 12 can be also considered by an alternative route (path b in Fig. 5 ) other than the 1,5-dipolar cyclization one (path a) described earlier in Fig. 1 . That is, the intramolecular nucleophilic attack of the 3-amino group onto the 2-position of the pyridinium ring of 1-[2-acyl-5-alkylthio-3-aminothiophen-4-yl]pyridinium salts such as D, followed by the elimination of each one molecule of HX and hydrogen from the cycloadducts (F) should give the same products 7, 10, and 12. However, the possibility of the path b is not so high, because we could not detect the presence of any cycloadduct (F) in the 1 H-NMR spsctra of some pyidinium salts. Perhaps, the higher acidity of the aromatic amines in the pyridinium salts D than that of aliphatic amines may be the driving force of these reactions.
In conclusion, we could develop a new and practical preparative method for 1-acyl-3-(substituted methylthio) thieno[3Ј,4Ј:4,5]imidazo[1,2-a]pyridine derivatives, though their yields were not so high.
Experimental
Melting points were measured on a Yamagimoto micro melting point apparatus and were not corrected. IR spectra were measured on a JASCO FT/IR-5300 IR spectrophotometer from samples as KBr pellets. NMR spectra were measured on a JEOL JNM-GX400 (400 MHz for 1 H and 100.4 MHz for 13 C) in deuteriochloroform solutions. Tetramethylsilane was used as the internal standard and J values were given in Hz. Elemental analyses were performed on a Perkin-Elmer 2400 elemental analyzer.
Preparation of 2-Acyl-3-amino-4-(1-pyridinio)thiophene-5-thiolates 4a-o The preparation of compounds 4a-o was carried out by modifying Tominaga's procedure. 15) Typical procedure: A solution of 1-(cyanomethyl) pyridinium chloride (1, 0.10 mol), and carbon disulfide (11.4 g, 0.15 mol) in ethanol (50 ml) was treated with aqueous sodium hydroxide (10 g, 0.25 mol in 15 ml of water) under stirring in an ice bath for 20 min, and then an alkylating agent (2, 0.1 mol) was added to the reaction mixture. The resulting solution was allowed to react at room temperature for a further 4 h. The solution was then poured into ice water (300 ml) and the precipitates which separated were collected by suction and then dried. The products thus obtained were only pyridinium ylides 3e, j, o or the expected 2-acyl-3-amino-4-(1-pyridinio)thiophene-5-thiolates (4a-d, f-i, k-n) involving various amounts of 3a-d, f-i, k-n. These mixtures of 3 or/and 4 were heated without any solvent at 60-80°C at a reduced pressure (3 Torr) until the generation of water completely ceased (ca. 2-7 d). These compounds 4a-o were purified by the recrystallization from acetone. On the other hand, a similar reaction of 1-cyanomethyl-4-methylpyridinium chloride (1d) and phenacyl bromide (2a) provided only intractable polymeric substances and the structural analysis was unsuccessful because of its low solubility.
The physical and spectral data of known compounds 3f, j and 4f, j were in accord with those described earlier by us 19) and Tominaga et al. 15) and some data for the new compounds which were isolated are shown below. -c), (10a-c), and (12a-c) . General Method A A chloroform suspension (20 ml) of 3-amino-4-(3,5-dimethyl-1-pyridinio)thiophene-5-thiolates (4a-e) (2.0 mmol) and an alkylating agent (5, 2.5 mmol) was kept at room temperature or heated at 50°C in a water bath until the low soluble thiolate 4 underwent the S-alkylation to dissolve completely in the resulting chloroform solution (ca. 4-10 d). The solution was then concentrated at reduced pressure and the crude salt 6 was washed 3 times with ether (each 10 ml) to remove the unaltered alkylating agent. The residue was dissolved in chloroform (30 ml) and then DBU (0.364 g, 2.4 mmol) was added at 0°C in an ice bath and stirred for a further 1 h.
21) The reaction mixture was then concentrated at reduced pressure, and the residue was separated by column chromatography on alumina using chloroform as an eluent. The fractions with very strong fluorescence were combined and the resulting solution was concentrated at reduced pressure. Recrystallization of the crude materials from chloroform-hexane gave the corresponding 1-acyl-3-alkylthio-6,8-dimethylthieno[3Ј,4Ј:4,5]imidazo [1,5-a] pyridines (7a-cЈ).
General Method B A mixture of S-alkylated pyridinium salts 8a-cЈ or 10a-cЈ, which were prepared from 3-amino-4-(1-pyridinio)thiophene-5-thiolates (4f-j, 2 mmol) or 3-amino-4-(3-methyl-1-pyridinio)thiophene-5-thiolate (4k-o, 2.0 mmol) and 5a-i according to method A above, potassium carbonate (5g), and chloroform (30 ml) were put in a flask covered with aluminum foil to shield any light, and stirred at room temperature for 1 d. All operations of work-ups (the concentration of the reaction mixtures, the columun separation of the residues on alumina, and the purification by recrystallization from chloroform-hexane) were carried out in dark to afford the corresponding thieno[3Ј,4Ј:4,5]imidazo [1,5-a] pyridines (9a-cЈ and 11a-cЈ).
In general, the reactions of salts 9a-cЈ or 11a-cЈ with a base were very photosensitive, though those of salts 6a-cЈ were not so much. In addition the products 7a-cЈ, 10a-cЈ, and 12a-cЈ were also photosensitive to some extent in the solution state. Hence, the exposure of any light to the reaction solutions of salts 9a-cЈ or 11a-cЈ caused the extremely diminished yields of the expected products 10a-cЈ and 12a-cЈ. The use of DBU as a base in the reactions of salts 9a-cЈ or 11a-cЈ did not provide good results. On the other hand, the replacement of DBU by potassium carbonate as a base was no problem in the reactions of salts 6a-cЈ but a more prolonged reaction time was necessary.
The physical and spectral data for compounds 7a-c, f-h were well in accord with those reported earlier by us. 1 H-NMR spectral data for compounds 7a-cЈ, 10a-cЈ, and 12a-cЈ are shown in Table 1 and some other data are listed in Isolation of the Reaction Product of Salt 6e with Chloroform in the Presence of a Base A chloroform solution of salt (6e), prepared from the S-methylation of 3-amino-4-(3,5-dimethyl-1-pyridinio)-2-(ethoxycarbonyl) thiophene-5-thiolate (4e, 2 mmol), was allowed to react in the presence of excess potassium carbonate (5g) at 0°C, and the resulting reaction mixture was separated in the usual manner. A byproduct, ethyl 3-amino-4-(3,5-dimethyl-4-trichloromethyl-1,4-dihydropyridin-1-yl)- 
